The causative agent of Johne's disease is Mycobacterium avium subsp. paratuberculosis. This is a chronic, debilitating gastrointestinal disorder that affects ruminants and is responsible for significant economic loss. The specimen processing method that combines C 18 -carboxypropylbetaine (CB-18) treatment and lytic enzyme decontamination has been shown to improve the diagnosis of mycobacterioses. This processing method was applied to the isolation of M. avium subsp. paratuberculosis from ruminant tissue samples. The BACTEC 12B liquid culture system was used but was supplemented with 1% egg yolk emulsion, 4 g of mycobactin J, and 0.5% pyruvate (12B/EMP) for use in conjunction with this method. The final concentration of antibiotics used was 10 g of vancomycin, 30 g of amphotericin B, and 20 g of nalidixic acid (VAN) per ml. A 7H10-based solid medium was also used that included mycobactin J, pyruvate, and VAN but excluded the egg yolk emulsion (7H10/MPV). Several M. avium subsp. paratuberculosis isolates were examined during the evaluation of this processing method. It was observed that treatment with lytic enzymes stimulated the growth of M. avium subsp. paratuberculosis; however, the growth of one isolate was markedly inhibited due to the presence of vancomycin. Subsequently, the vancomycin concentration in the VAN formulation was reduced to 2 g/ml. A blinded panel of 60 previously characterized tissue samples from bovine and bison were then processed and analyzed by smear and culture. Historically, 31 and 37 specimens were classified as positive by histology and culture, respectively. The overall sensitivity and specificity of smear relative to culture following CB-18 processing were 97.6 and 89.5%, respectively. The 12B/EMP/VAN liquid culture system recovered M. avium subsp. paratuberculosis from 39 specimens, whereas 7H10/MPV and Herrold's egg yolk media recovered M. avium subsp. paratuberculosis from 26 and 16 specimens, respectively. The average times to positive were 7.4 ؎ 8.3, 29.9 ؎ 2.6, and 24 ؎ 0 days, respectively. The contamination rates were 4.8, 22.6, and 20.0%, respectively.
The etiologic agent of Johne's disease (enterocolitis) is Mycobacterium avium subsp. paratuberculosis (2). Johne's disease is characterized by weight loss and chronic diarrhea, as well as losses in productivity and fecundity. As a result, this disease causes significant economic loss in agrarian economies. Estimates in the United States suggest that the dairy industry loses approximately $222 million annually due to the impact of this single disease (18) . One of the most significant hurdles in managing Johne's disease is that there is no rapid, accurate, and reliable test for the diagnosis of subclinically ill animals.
Serologic tests have reasonable sensitivity diagnosing cattle with clinical disease but have poor sensitivity overall. For example, the sensitivity of one commercial test was greater than 87% for animals with positive fecal cultures, but when subclinically ill, nonshedding animals were included in testing, the overall sensitivity dropped to 47% (4) . Alternatively, application of a gamma interferon stimulation assay has shown greater promise: over 93% of subclinically ill, shedding animals could be detected, but only 72% of subclinically ill, nonshedding animals could be detected (1) . Inhibitors in ruminant fecal material have dramatically hampered application of nucleic acid amplification tests for diagnosis (17) . Definitive diagnosis is still considered isolation of viable bacilli by culture. Unfortunately, cultural isolation of M. avium subsp. paratuberculosis remains difficult for two reasons. The first reason is the fastidious nature and slow growth of this species (11, 19) ; cultures must be supplemented with mycobactin J and egg yolk emulsion and held for 16 weeks before being reported as negative. Second, contamination rates can be excessive due to the high concentration of contaminants in fecal material (16) . This latter effect requires extreme decontamination measures (11) .
Recently, a method for processing human respiratory specimens using the Zwitterionic detergent C 18 -carboxypropylbetaine (CB-18) was reported to improve the recovery of mycobacteria (12) . The companion article also reported the development of a cocktail of lytic enzymes that contained lysozyme, Zymolyase, Cytophaga, and Trichoderma extracts (LZCT) to further combat contamination (13) . As a first step toward applying the CB-18 processing and lytic enzyme decontamination methods to the detection of M. avium subsp. paratuberculosis, the present report evaluates the recovery of M. avium subsp. paratuberculosis from a blinded panel of historically characterized tissue specimens.
as previously described (13) . Immediately prior to use, the buffer was diluted 20:1, the CB-18 was diluted 100:1, and the NALC concentration was brought to 0.25% by the addition of dry powder.
Following addition of the CB-18 solution, specimens were immediately subjected to centrifugation at 3,800 ϫ g for 20 min at 30°C. After centrifugation specimens were decanted and resuspended in 1.5 ml of sterile water. Four drops of the resuspended sediment was placed on a microscope slide for acid-fast staining using auramine-rhodamine according to the instructions of the manufacturer (Becton Dickinson). Smear values were reported according to guidelines recommended by the Centers for Disease Control and Prevention (10) . Subsequently, 500 l of sediment was transferred to a tube containing 500 l of the lytic enzyme resuspension buffer previously described (i.e., 2ϫ LZCT as follows: lysozyme at 2 mg/ml; lyticase at 1,000 U/ml; Cytophaga extract at 0.2 mg/ml; and Trichoderma extract at 2 mg/ml [all enzymes and extracts from Sigma Chemical Co.] in 100 mM Tris-HCl, 25 mM citrate, pH 7.6, 3 mM NaCl, 10 mM NALC, and 0.15% lecithin [13] ). The sediment-LZCT mixture was incubated at 37°C for 20 min and was then used for inoculations. A 300-l portion was first used to inoculate one 12B/EMP/VAN culture, and then duplicate 7H10/MPV plates and duplicate HEYM slants were each inoculated with 200-l portions of the sediment. Liquid cultures were monitored every other day for 2 weeks and then once weekly for a total of 16 weeks. Solid media were examined weekly for a total of 16 weeks. The presence of AFB was confirmed in all positive cultures by Kinyoun staining, and the identity of all isolates was characterized using the M. avium AccuProbe test or IS900 PCR or both.
Previous characterization of tissues. Previous characterizations of these tissues were performed at the UPenn facility, the NADC facility, or both. IS900 PCR analysis of isolates following CB-18 processing was performed at the UPenn facility.
The following criteria were used to evaluate tissues histologically by acid-fast staining: a tissue was deemed negative if no AFB were observed and ϩ if very few AFB were observed, most of which were in the lamina propria. A tissue was considered ϩϩ if a moderate number of AFB were scattered throughout lymph node tissues or in the lamina propria and mucosa of ileal tissues. A sample was judged to be ϩϩϩ if a marked number of AFB were observed in the lamina propria, mucosa, and submucosa of ileal tissues and throughout lymph nodes with areas of granulomatous lesions.
Tissues were prepared for cultural analysis using the hexadecyl pyridinium chloride (HPC) double-incubation method (20; R. H. Whitlock, J. B. Bruce, P. A. Spencer, and L. T. Hutchinson, Abstr. 69th Ann. Meet. Conf. Res. Workers, abstr. 134, p. 24, 1988) and were inoculated on HEYM slants with mycobactin J in quadruplicate. Slants were held at 35 to 37°C for 16 weeks before being discarded. All positive cultures were first subjected to acid-fast staining to confirm the presence of AFB and were then subcultured onto HEYM slants with or without mycobactin J. All AFB-positive isolates were further characterized by IS900 PCR.
DNA extraction and PCR analysis. Paraffin-embedded sections for each tissue processed by the NADC were cut at 5 m. Two sections were cut per sample and placed into 1.5-ml sterile, RNase-and DNase-free microcentrifuge tubes. Tubes were wiped off to remove excess paraffin. Gloves and blades were changed between each pair of tissue blocks to reduce cross-contamination. Tubes were centrifuged at 16,000 ϫ g for 1 min to pellet sections. Pellets were then resuspended in 200 l of sterile 50 mM Tris buffer, pH 8.3, with 1 mM EDTA and 0.5% Tween 20. Tubes were placed in a boiling water bath for 10 min, followed by an ethanol bath in dry ice for 1 or 2 min. This step was repeated two times, and tubes were centrifuged at 3,000 ϫ g for 20 min to pellet the tissue. Proteinase K (0.2 mg/ml) was added to each tube, and samples were incubated overnight at 42°C. Samples were then snap-frozen in a cold ethanol bath, followed by boiling to inactivate the proteinase K. Tubes were then centrifuged at 3,000 ϫ g for 10 min to pellet debris. An equal volume of ProCipitate (LigoChem, Fairfield, N.J.) was added to the supernatant of the sample being extracted, and samples were mixed gently for 5 min, left for 1 min, and centrifuged for 2 min at 16,000 ϫ g. Twenty-five microliters of 4 M LiCl was added to the supernatant, followed by 750 l of cold 100% ethanol. Samples were mixed by inversion and placed in a Ϫ70°C freezer for 30 min to 1 h. Tubes were then centrifuged at 16,000 ϫ g for 30 min. After decanting the ethanol, pellets were washed in cold 70% ethanol, followed by centrifugation at 16,000 ϫ g for 15 min. Ethanol was then decanted from pellets, and tubes were inverted to dry for 15 min. DNA pellets were resuspended in 200 l of Ultrapure RNase-and DNase-free H 2 O (Life Technologies, Inc., Rockville, Md.) and were amplified using the PCR amplification conditions previously described (7).
RESULTS
Growth curves. Three M. avium subsp. paratuberculosis isolates (ATCC 19851, ATCC 19698, and ATCC 43015) were initially used to examine growth conditions in culture. Based on the work of others (3, 5, 6, 9, 21; C. B. Bartley, M. T. Sweeney, and M. R. Plaunt, Abstr. 98th Gen. Meet. Am. Soc. Microbiol., abstr. U-69, p. 507, 1998), various additives to the BACTEC 12B culture vials were initially evaluated individually and in combination for their ability to influence growth of these M. avium subsp. paratuberculosis isolates. These included the presence or absence of mycobactin J at 4 g per 12B vial (Ϸ 1 g/ml); pyruvate at a 0, 0.1, or 0.5% final concentration; egg yolk emulsion at a 0, 0.1, 1, 2.5, 5, or 10% final concentration; and the VAN antibiotic formulation. In general, these results were unremarkable and consistent with the results of others (data not shown). Therefore, the first-generation 12B supplement used in the studies herein incorporated 1% egg yolk emulsion (final), 4 g of mycobactin J, 0.5% pyruvate (final), and the VAN antibiotics where vancomycin was added to a final concentration of 10 g/ml. In addition, VAN was formulated to include the recommended concentration of PANTA RF typically used in the BACTEC 12B liquid culture system.
The lytic enzyme resuspension buffer developed for use in conjunction with the CB-18 processing method contains components not typically used in the isolation of M. avium subsp. paratuberculosis (12, 13) . Therefore, the effects of these components on M. avium subsp. paratuberculosis growth were carefully evaluated. In these experiments a 0.5 MacFarland standard of each of the three ATCC isolates evaluated (19698, 19698 , and 43015) was made and was then serially diluted in 10-fold increments to generate mock sediments. Final dilutions were made in Tris-citrate buffer (above), 2ϫ LZCT resuspension buffer (13), or Tris-citrate buffer supplemented with 0.15% lecithin (i.e., the 2ϫ LZCT resuspension buffer without the lytic enzymes). These mock sediments were then used to inoculate quadruplicate 12B vials; however, the buffer-only sediments were inoculated into 12B vials with or without 1% egg yolk. Each isolate was evaluated at dilutions of 100:1, 1,000:1, and 10,000:1. When using these experimental conditions the ATCC 43015 isolate grew very poorly (data not shown). Typical growth curves of the ATCC 19851 and ATCC 19698 isolates are shown in Fig. 1 (ATCC 19851 results shown). The inoculum used (i.e., the number of CFU inoculated into each 12B culture bottle) for this isolate was approximately 35,000 CFU (Fig. 1A) , 3,500 CFU (Fig. 1B) , and 350 CFU (Fig. 1C) .
When the 1% egg yolk was included as a component of the culture media, both the time-to-positive (GI Ն 15) and the time-to-maximum GIs (GI ϭ 999) were significantly different from all other conditions, regardless of the input (Fig. 1) for both ATCC 19851 and ATCC 19698. In 1% egg yolk both the ATCC 19851 and ATCC 19698 isolates reached the maximum GI within the evaluation period (i.e., 6 weeks) at all input levels. Interestingly, in all evaluations with these two isolates the 2ϫ LZCT series provided more robust growth than either the Tris-citrate buffer without egg yolk or 0.15% lecithin series. In no instance were the 0.15% lecithin series results signifi- Analysis of VAN antibiotic supplement. The inability to generate consistent growth curves with the ATCC 43015 isolate was examined. An evaluation of the individual components of the VAN supplement in the 12B/EMP culture system was undertaken ( Fig. 2A) . The differences in the time-to-positive and the time-to-maximum GIs between either VAN or vancomycin and the controls or other antibiotics (amphotericin B or nalidixic acid) were invariably significant. In contrast, the differences between the RF series, the amphotericin B series, and the nalidixic acid series, with respect to the time-to-positive and the time-to-maximum GIs, were not consistently significant between experiments, regardless as to whether CB-18 was present or not. The presence of CB-18 at 20 g/ml did not hinder the growth of this isolate, nor did CB-18 act to enhance susceptibility to VAN, vancomycin, amphotericin B, or nalidixic acid (Fig. 2B) . This was in contrast to observations reported with other mycobacteria (13) . Since the VAN series results paralleled the results of the vancomycin series, it was concluded that the presence of vancomycin was solely responsible for the depressed growth patterns observed with the ATCC 43015 isolate.
Vancomycin titration. Because vancomycin is a potent antimicrobial and has potential value with respect to its ability to reduce cultural contamination rates, subsequent experiments serially reduced the vancomycin concentration by halves from 10 g/ml to 1.25 g/ml (Fig. 3) . Even at 1.25 g/ml, vancomycin significantly altered both the time-to-positive and the timeto-maximum GIs of the ATCC 43015 isolate relative to the control. For example, at 1.25 g of vancomycin/ml, the timeto-positive was delayed by almost 3 weeks when compared to the time for the control. Because of the potential for vancomycin to impact contamination, subsequent studies involving the 12B/EMP/VAN culture system used vancomycin at 2 g/ ml. Processing tissue samples. In order to evaluate the CB-18 processing method, a panel of 60 tissue samples that had been previously characterized by histology, culture, and IS900 PCR were processed with the CB-18 method. Specimens were processed in three sets. The first set consisted of 12 tissue specimens from both bison and bovine. These first 12 were analyzed by smear and culture using 12B/EMP/VAN and 7H10/MPV; however, the vancomycin concentration was 10 g/ml, and these specimens were not inoculated onto HEYM slants. The second set consisted of 28 bison tissue specimens, and the third set consisted of 20 bovine tissue specimens. The second and third groups (⌺ ϭ 48) were also analyzed using 12B/EMP/ VAN and 7H10/MPV; however, the vancomycin concentration was reduced to 2 g/ml, and these specimens were also inoculated onto HEYM slants.
Of the 60 tissue samples submitted for processing with CB-18, a total of 28 were from bovine and 32 were from bison. Of the bovine tissues, 16 were derived from the ileum, 2 were derived from the jejunum, and 10 were lymph nodes (5 intercostal [IC] and 5 medial). Of the bison tissues submitted, a total of 27 were ileum while the remaining 5 were IC lymph nodes. The NADC analyzed all tissues by histology and IS900 PCR, and UPenn performed IS900 PCR analyses on the 32 bison tissues only. Processing and cultural analysis of bovine tissues were performed by the NADC, whereas processing and cultural analysis of bison tissues were performed by UPenn. Of the 60 specimens submitted for analysis, 31 (51.7%) were originally classified as AFB positive by histology, and 37 (61.7%) were reported as culture positive on HEYM slants following processing with HPC. Of the 60 specimens analyzed by IS900 PCR by the NADC, 40 (66.7%) were identified as positive. Of the 32 bison tissues analyzed by IS900 PCR by UPenn, 12 (37.5%) were reported as positive.
When processed by the CB-18 method, 42 processed sediments (70.0%) were positive by acid-fast staining using fluorochromes. Of these 42, 30 (71.4%) were also positive by histology. An additional 12 tissues that were negative upon histologic examination were positive by acid-fast staining following CB-18 processing. Eight of these 12 tissues were confirmed as positive by both culture and IS900 PCR (only one was previously culture positive), two were confirmed culture positive following processing with CB-18 (both were previously culture positive), and one was confirmed IS900 PCR positive by the NADC. Therefore, there was only one specimen that had no confirming result. This remaining positive smear was considered false positive, as this specimen was from a known negative control animal (see below). Only one specimen was smear negative following CB-18 processing but was positive for AFB by histology (this sample [IRT identification no. 10] is discussed below). Therefore, using any culture result as the "gold standard" (i.e., either HPC or CB-18), the sensitivity and specificity of smear following CB-18 specimen processing would be 97.6 and 89.5%, respectively.
When processed by the CB-18 method a total of 40 (66.7%) specimens were culture positive: 39 (62.9%) were culture positive using 12B/EMP/VAN, 26 (41.9%) were positive using 7H10/MPV, and 16 (33.3%) were positive using HEYM. The average times to positive (Ϯ standard deviation) for the three different media were 7.4 Ϯ 8.3, 29.9 Ϯ 2.6, and 24 Ϯ 0 days, respectively. The median times to positive were 3.0, 31, and 24 days, respectively, and the ranges in times to positive were 1 to 40, 24 to 31, and 0 days, respectively. The contamination rates on the three different media were 5.0, 23.3, and 20.8%, respectively.
Six specimens were reported as 12B/EMP/VAN culture negative following CB-18 processing but were culture positive historically ( Table 1) . One of these specimens (IRT-identification no. 28) was positive on HEYM only following CB-18 processing (Table 2 ). In four of the five other discrepancies, there was at least one confirming IS900 PCR result, and in two of these five discrepancies, there were confirming histologic results. Further examination of these five discrepant specimens revealed the following: (i) the bison no. 9 ileum tissue (IRT identification no. 10) processed by UPenn presented with two colonies after 6 months of incubation; (ii) the bison no. 52 ileum tissue (IRT identification no. 35) processed by UPenn presented with one colony after 16 weeks of incubation; and (iii) the source of IRT identification no. 24 and IRT identification no. 38 was bison no. 40. While the false-negative results on the first two were most probably due to sampling error resulting from low tissue load in the samples tested, the bison no. 40 false-negative results appear to be due to the presence of pyruvate: recovery of M. avium subsp. paratuberculosis from other tissue sources from bison no. 40 (e.g., upper, lower, and midjejunal lymph node specimens) could be accomplished only if pyruvate was omitted from medium formulations (data not shown). The false-negative culture result from the IC lymph node of bison no. 50 (IRT identification no. 40) remains unexplained, as the smear of this specimen was 4ϩ and as all subsequent attempts to isolate M. avium subsp. paratuberculo- a 12B/EMP/VAN, BACTEC 12B liquid culture supplemented with 1% egg yolk emulsion, 4 g of mycobactin J, 0.5% pyruvate, and VAN. Concentration of vancomycin was 10 or 2 g/ml.
b 7H10/MPV, 7H10-based solid media supplemented with oleic acid-albumin-dextrose-catalase, 4 g of mycobactin J, 0.5% pyruvate, and VAN. Concentration of vancomycin was 10 or 2 g/ml.
c These percentages represent the number of culture-positive results using the indicated media following CB-18 processing, divided by the total number of culture-positive results (i.e., including those specimens that were historically culture positive).
sis from this tissue or other tissues from this animal (n ϭ 5) were successful. When additional samples of bison no. 9, no. 44, and no. 52 were processed with CB-18 and lytic enzymes, only the ileum of bison no. 52 generated culture-positive results.
In contrast, there were eight specimens reported as culture positive following CB-18 processing that were historically culture negative ( Table 2) . Seven of these discrepancies were also smear positive following CB-18 processing, two of these discrepancies were also culture positive on one of the solid formulations following CB-18 processing, and in all eight instances there was a confirming IS900 PCR result from the NADC on these specimens.
The BACTEC 12B/EMP/VAN culture system was by far the most sensitive culture system. Of all culture-positive specimens following CB-18 processing, the 12B/EMP/VAN formulation missed only one specimen. In this one instance (IRT identification no. 28), only the HEYM slant was positive and the 7H10/MPV plate was contaminated. Subsequent analysis of this isolate revealed that this result was due primarily to susceptibility to vancomycin and also to nalidixic acid, albeit to a lesser degree. Growth curves using this isolate were similar to that observed for ATCC 43015 in Fig. 3A (data not shown) .
When we compared the time-to-positive results of the tissue panel with the growth curves of the ATCC 19851 isolate, while bearing in mind that a positive smear requires approximately 10,000 AFB per ml (8, 22) , the times to positive of the tissue specimens in the 12B/EMP/VAN culture system were in excellent agreement with the respective smear results (data not shown). For example, of the 37 specimens that were smear positive and culture positive in 12B/EMP/VAN, 21 were reported to have a smear value of 4ϩ. The average time to detection in this group of 21 specimens was approximately 3 days, with a range of 1 to 10 days, suggesting an inoculum of several hundred thousand bacilli (only 2 of these 21 had a time to positive greater than 4 days). Of the 16 specimens that had smear values of either Ϯ, 1ϩ, 2ϩ, or 3ϩ, the average time to detection was approximately 10 days, with a range of 3 to 24 days, suggesting an inoculum of tens of thousands of bacilli. The two specimens that were smear negative and 12B/EMP/ VAN positive were positive in 28 and 40 days, suggesting an inoculum below 100 bacilli.
For quality control purposes and to evaluate the internal consistency of the methods, 10 specimens were derived from three control animals: four specimens were derived from a control negative bovine; four specimens were derived from a control positive bovine; and two specimens were from a different control positive bovine. Only two inconsistencies were observed among these 10 specimens: first, a jejunum specimen from the control negative bovine produced a 1ϩ smear value (described above). None of the cultures were positive from any of the four specimens from this animal. Second, a medial lymph node specimen from the first control positive bovine did not produce a positive result on HEYM (cultures were positive on both 12B/EMP/VAN and 7H10/MPV for this specimen). The former inconsistency was interpreted as a false-positive result, while the latter was interpreted as a false-negative result.
DISCUSSION
The goal of this research was to lay the basis for application of the CB-18 specimen processing method to the diagnosis of Johne's disease. As a first step toward this end, an evaluation of the interface between the CB-18 specimen processing method and contemporary culture techniques was required. Therefore, the advances made by other groups were used in a simple format. Specifically, mycobactin J was made in 75% ethanol (6) and was mixed with the egg yolk emulsion (5) and pyruvate (9; Bartley et al., Abstr. 98th Gen. Meet. Am. Soc. Microbiol. 1998). This was combined with the VAN antibiotic supplement (3) made in the standard BACTEC RF and then was added to BACTEC 12B vials to achieve the desired concentrations. During the evaluation of the 12B/EMP/VAN culture system, it was observed that the LZCT resuspension buffer provided a significant advantage with respect to supporting growth of this species of mycobacteria. Whereas the ability to support growth was not as substantive as that provided by 1% egg yolk, it was always significantly greater than either the buffer-only or the 0.15% lecithin supplements. This might result from either some heretofore-undefined growth factor or simply be a consequence of the natural activity of these enzymes. For example, the activity of these lytic enzymes might be such that they degrade culture and/or specimen components and/or contaminating microorganisms into constituents that are more readily absorbed and/or metabolized by M. avium subsp. paratuberculosis. Regardless, the lytic enzymes do not appear to be harmful to M. avium subsp. paratuberculosis but instead appear to provide some growth advantage. After the interface of the 12B/EMP/VAN culture system with the CB-18 specimen processing method had been evaluated, a blinded panel of 60 previously characterized tissue specimens was processed. Acceptable sensitivities were obtained when the CB-18 processing method was combined with 12B/EMP/VAN as the primary culture system and with the 7H10/MPV solid media as the backup culture system. Perhaps the most remarkable result in these studies was the times to detection. In the 12B/EMP/VAN system three specimens were positive within 1 day, over 74% of the positive specimens in 12B/EMP/VAN had a GI above the cutoff in 1 week or less, and less than 13% of the positive specimens required more than 2 weeks of incubation. These results were probably due to a combination of the enhanced viability and recovery provided by CB-18-based specimen processing relative to the qualities of HPC-based specimen processing and the aforementioned advantages provided by the LZCT resuspension buffer.
Clearly, the 12B/EMP/VAN formulation provided the most consistent and robust results; however, inclusion of vancomycin (even at 2 g/ml) still seemed problematic. For example, when the ATCC 43015 isolate was used, the time to positive was delayed by almost 3 weeks at 1.25 g of vancomycin/ml under in vitro conditions (this was especially interesting since this was a human isolate). In addition, the false-negative result of IRT identification no. 28 in 12B/EMP/VAN was due to the susceptibility of this isolate to vancomycin. Therefore, susceptibility to vancomycin, while apparently not widespread, does appear to be a legitimate concern to the laboratory worker in regard to false-negative results. While removing or replacing vancomycin may reduce the time to positive for those isolates susceptible to vancomycin, the tradeoff between reducing the time to positive and increasing the contamination rate may be more critical with fecal specimens.
Whereas there was no contamination reported by the HPC method, the contamination rate for 12B/EMP/VAN was acceptable (4.8%); however, the contamination rates for 7H10/ MPV and HEYM were high (23.3 and 20.8%, respectively). In five (38.5%) of the 13 instances where 7H10/MPV missed a 12B/EMP/VAN-positive specimen, the plate was contaminated, and in nine (47.4%) of the 19 instances where HEYM missed a 12B/EMP/VAN-positive specimen, the plate was contaminated. The contamination rate on 7H10/MPV was interesting since it contained the same antibiotic formulation as 12B/EMP/VAN but had a contamination rate comparable to that for the nonselective HEYM. The majority of these contaminants were mycologic (i.e., yeast and fungi). Regardless, while the lytic enzyme resuspension buffer functioned successfully when used in conjunction with VAN in 12B/EMP media, it was not as effective when used in conjunction with 7H10/ MPV. This was unfortunate because the 7H10-based media had better overall sensitivity than the HEYM-based media. It is clear that the CB-18 processing method must be used in conjunction with the combination of the LZCT resuspension buffer and antibiotic-containing media. In summary, the solid media recently described (21) might be a better choice for backup (i.e., secondary) media for future evaluations.
The purpose of these experiments was to evaluate the utility of the CB-18 specimen processing method in regard to isolating M. avium subsp. paratuberculosis from tissues. The combination of CB-18 processing and LZCT treatment appeared to function effectively, and the experiments herein suggest that CB-18/lytic enzyme processing may provide an advantage with respect to time to positive. While processing of the tissue specimens was not performed on a side-by-side basis, the results were encouraging. A side-by-side comparison was recently completed and will be described in the near future.
